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Abstract

Mass energy-transfer M-tr/P mass energy-absorption

coefficients M-e^/P tabulated in units of cm^/g for photon
energies between 1 keV and 100 MeV for 29 elements (2=1-92) ,

and 14 mixtures and compounds of general dosimetric interest.
Cross sections for photo-effect, incoherent scattering, pair and
triplet production are those compiled or generated by the
National Institute of Standards and Technology (NIST) , (formerly
the National Bureau of Standards) . Corrections are included for
in-flight positron annihilation, previously not applied in NIST
calculations for energies above 10 MeV. Agreement with recently
published data is good for energies above 1 MeV, but we find
differences in mass energy-absorption coefficients in the low
energy region of as much as 4% compared with the last NIST
compilation, and as much as 9% when compared with other recent
compilations

.
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INTRODUCTIONI

.

Two useful quantities for describing the interaction and
absorption of high-energy photons in a medium, for example in
cancer radiotherapy by means of x-ray beams, are kerma (K) and
absorbed dose (D) , (ICRU^) . Kerma is proportional to the mass
energy-transfer coefficient, l^cr/P ' which is a function of
the photon energy and the atomic number of the medium. Absorbed
dose is proportional (only under charged particle equilibrium
conditions) to the mass energy-absorption coefficient,
These two coefficients are obtained by weighting the collision
probabilities for the different types of interaction (atomic
photo effect^ Compton or incoherent scattering^''’, pair and
triplet production®) by the fraction (G) of the secondary
electron (or positron) kinetic energy that is spent in x-ray
bremsstrahlung production and in-flight positron annihilation.
The coefficients are related as

l^cr/P (1)

The value of G increases with atomic number and photon energy
from approximately zero at 1 MeV in carbon to 0.66 at 100 MeV in
uranium.

A number of prior tabulations of Pe^/P ®xist in
the literature, including those by Hubbell Allison % Johns
and Cunningham and R.T. Berger. All suffer from one or more
of the following limitations: Exclusion of in-flight positron
annihilation in computing G, upper photon energy limit of only 10
or 20 MeV, few materials tabulated, old data base of interaction
cross sections, incomplete data display (e.g., but not

t or vice versa) .

It is the purpose of the present report to provide a
comprehensive tabulation of gamma-ray attenuation, energy
transfer and energy absorption coefficients for an extensive
group of elements and other radiologically relevant media, over
the energy range from 1 keV to 100 MeV, based on the latest NIST
data base, and including the effect of positron in-flight
annihilation. All data are fully displayed, from interaction
cross sections through fi/p ,

|i , and [i^^/p, to facilitate their
use for tutorial as well as research applications. Values are
given just below and just above each K, L, and M subshell
absorption edge with binding energy above 1 keV.

A recent extensive graphical and numerical comparison by
Saloman and Hubbell”'^'* of the Scofield theoretical photo effect
values, both renormalized (Z=2-54) and unrenormalized, with an

3



updated experimental database^® suggests that the unrenormalized
Scofield values are in somewhat better overall agreement with

existing measurements. Hence, the Berger-Hubbe11 XCOM
computerized compilation^*, representing the present NIST values,
uses the unrenormalized Scofield photo effect values. The effect
of the unmodified Scofield photoelectric cross sections on local
absorption coefficients and the inclusion of electron binding
effects^ in incoherent scattering cross sections have not been
published for a large range of energies and materials

,

There are several complications that arise in the dosimetry
of photon beams above 1 MeV, i.e., the energy range used in
radiotherapy

:

a. Radiative losses, both through bremsstrahlung and
positron in-flight annihilation, become progressively more
significant with increasing energy, as already mentioned. It is
useful to define a quantity collision kerma as =(1-G)K. Thus
since kerma is the energy transferred by photons to secondary
electrons per unit mass of medium, collision kerma is the
fraction of K that is imparted to matter by those electrons,
rather than being spent in radiative losses. is proportional
to . Under charged-particle equilibrium conditions (i.e.,

every electron leaving a voliime element is replaced by another
electron of the same energy entering) the value of the collision
kerma equals that of absorbed dose (K^ =D) .

b. Secondary electron ranges become longer and more
strongly biased along the original photon direction as photon
energy increases above 1 MeV. At greater depths in an irradiated

medium than the maximum range of the secondary electrons, D
exceeds Kc because of the down-stream flow of kinetic energy
carried by those electrons . Charged particle equilibrium thus
gradually fails as the photon energy is increased, and is
replaced by transient charged particle equilibrium ,^ characterized
by the following relation:

D=K^{'l*v'x) (2)

where \i,' is the observed attenuation coefficient of the beam in
the medium, and x is the mean distance the electrons carry their
kinetic energy in the photon beam direction as they deposit it in
collision interactions.

c. Inelastic processes such as photonuclear interactions
can contribute significantly to the absorbed dose for photon
energies above about 10 MeV. This remains an area for future
investigation. It has not been treated as a contributor to the
present tables, nor was it included in comparable past
references

.
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II . Methods
The mass energy-transfer coefficient is;

\itr/P= f^+io/p) fg+ ( k/ p ) ( 3 )

where, 'Z , a

,

and k are the respective total macroscopic cross
sections for photoelectric effect, incoherent scattering
(including binding effects) and pair plus triplet production. The
fractions and represent the average fraction of photon
energy transferred to electrons and positrons in each of these
energy transfer processes.

The corresponding mass energy-absorption coefficient is:
|i^^/p=(T/p)f,(l-G,) -H(a/p)f^(l-G^)+(K/p)4(l-Gj (4)

G^,Gg and G^ represent the average radiative yields for electrons
set in motion by photons of energy hy in photo-electron, Compton
and pair production processes, respectively. Values for G for
electrons and positrons are taken from ICRU 37^'' (and Seltzer^®) .

In the following tabulations, we have assumed the radiative loss
component to be negligible in photoelectric processes.
1 . Photoelectric Effect

Virtually all of the energy transferred in photoelectric
interactions is restricted to K shell transitions, with a much
smaller L-shell component and vanishing contribution from higher
order transitions. Ass\iming constant values for the probability
of shell vacancies as the ratio of the cross sections just above
and just below the edges, we find, for photon energies hv
greater than the K-shell binding energy iEj^) ^ ,

1 -
hv

{l-P^)P^Y^hv^

hv
(5

and for {E^) ^<hv < {Ej^) y. :

A=[i-
hv

( 6 )

P^ fraction of photoelectric interactions in the K or L

shells^®'^° (jump ratios in some nomenclature)

L” average fluorescence yield‘d

hVf^ L“ average x-ray energy^^ resulting from transitions
to the K and L shells, respectively.
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2 . Compton
The incoherent scattering cross section, including electron

binding effects has been calculated by Hubbell.^'’ It may be
written as

= f’'(daj,„/dQ)S(g,z)dd (7)
P Jo

where is the combined double Compton and radiative correction
of Mork“, dCj^/dQ the differential Klein-Nishina free electron
scattering cross section, S{q,Z) the incoherent scattering
function^ vs. momentum transfer q and atomic niimber Z. The
fraction of photon energy that is transferred to kinetic energy
of bound electrons in Compton interactions is . If each
Compton recoil electron initially has kinetic energy T, then we
may write the product

f"(da^/dQ)S(g,Z)^de ( 8 )

The mass energy-absorption coefficient for incoherent scattering
is similarly constructed including a radiative loss correction
(eqn. 4)

.

We have approximated the average radiative loss correction , used
in eqn . (4) , as :

(1-G„) T) T(1-G(T) ) dT/ , T) TdT (9)
Jo Jo

with {hv , T) =dag/a f-dT . do^/dT is the differential Klein-Nishina
scattering probability as a function of starting electron kinetic
energy T

.

3.

(or

Pair Production
The fraction of photon energy transferred to electron pairs

triplets) in the pair production process is ,

2m^c^

hv
( 10 )

The mass energy-transfer coefficient is then

ill££ (hv)
P P

( 11 )
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The mass energy-absorption coefficient for pair production has
two radiative loss components, a bremsstrahlung component for
electrons and positrons and an in-flight positron annihilation
component. These can be folded into a single correction factor

and the contribution to mass energy absorption can be written
as (k/p) (1-G^) . Following Berger's analytical approach^% we
have calculated the product of the energy transfer
fraction and radiative loss correction as

r,(l-G^) = ( 1 - T*, T-) [T-G(T-) +B[T*)] dT* (12)

P^{h\,T*,T~) is the cross section for production of a positron

with an initial kinetic energy between T* andr^+dT^^^
, including the effect of screening for three primary photon
energy ranges (0-5, 5-25, and greater than 25 MV) . T~ is the
initial electron kinetic energy and G[T~) is the corresponding
radiation yield^’ which is the fraction of T~ that is spent in

bremsstrahlung production. B{T*) represents the mean fraction
of a positron's initial kinetic energy that is spent in radiative
energy losses, including in-flight annihilation as well as

bremsstrahlung production. W{T*,T) is the probability that a

positron born with kinetic energy T* will be annihilated when it
slows to an instantaneous energy between T and T+dT :

W{T\ T) =exp dT'] w{T) dt ( 13 )

where, w{T) is Bethe's differential annihilation probability.”
Combined, the total charged particle energy spent in

bremsstrahlung and in-flight annihilation is:

W{T\ T) [G{T\ T) {T^-T) +T] dT ( 14)

/
Assuming a continuous slowing down approximation,

G{T\ T) = G{T^) -G{T) and.

2 \

f^n-GJ r*, T) [T-G{T-) *T*G{T*) +
h\ hv J o

T) [G{T\ T) (T^-T) +T-T^G{T^) ] dT] dT^
Jo
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4 . Compounds
Cross sections for compounds are averaged by fractional

weights. For pair production an effective value of Z is obtained
from an electron density weighted average and is used in the
calculation of the probability distribution of the electron and
positron kinetic energies#- including the effect of screening.
Radiation energy loss factors were taken from ICRU 37^"^ or from
Seltzer

.



Ill . Results

The following elements have been considered:

z Element Z Element

1 Hydrogen 22 Titanium

2 Helium 26 Iron

3 Lithium 29 Copper

4 Beryllium 32 Germanium

6 Carbon 36 Krypton

7 Nitrogen 42 Molybdenum

8 Oxygen 47 Silver

9 Fluorine 50 Tin

10 Neon 53 Iodine

13 Aluminum 56 Barium

14 Silicon 64 Gadolinium

16 Sulfur 74 Tungsten

18 Argon 78 Platinum

20 Calcium 82 Lead

92 Uranium

9
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The evaluated compounds and their fractional compositions by elements (listed
by atomic number) are:

A150 TE plastic 1: .101327 6: .775501 7; .035057

8: .053216 9: .017422 20: .018378

Adipose (ICRP) 1: .119477 6: .63724 7; .00797

8: .232333 11: .00050 12; 2.0E-5

15: .00016 16: .00073 17; .00119

19: .00032 20: 2.0E-5 26: 2,0E-5

Air (dry) 6: .000124 7: .75267 8: .231781

18: .012827

Bone (ICRP) 1: .047234 6: .144330 7: .04199

8: .446096 12: .0022 15; .10497

16: .00315 20; ,20993 30: .0001

Calcium Fluoride 9: .486659 20; .513341

Ferrous Sulphate 1: .108372 8: .878964 11: .000022

16: .012552 17; 3.5E“5 26:

Lithium Fluoride 3: .267585 9: .732415

Polymethylmethacrylate 1: .080538 6; .599848 8: .319614

Muscle (ICRP) 1: .100637 6: .10783 7: .02768

8: .754773 11: .00075 12: .00019

15: .00180 16: .00241 17; .00079

19: .00302 20; 3.0E-5 26: 4.0E-5

30: 5 . 5E-5

Polyethylene 1: .143711 6: .856289

Polystyrene 1: .077418 6; . 922582

Polytetrafluoroethylene 6: .240182 9; .759817

T.E. Gas 1: .101869 6; .456179 7; .035172

8: .40678

Water 1: .111894 8: .888106
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In Table 1 (where all units are in cm^/g ) we list, as a
function of photon energy, cross sections for the photoelectric
effect t/p , coherent (Rayleigh) scattering , incoherent
(Compton) scattering (with atomic binding correction) o/p , and
for pair production in the field of a nucleus k^/ p or electron

Kq/p . Also tabulated are the energy-transfer coefficients for

photoelectric effect ' Compton effect ^ tif ^ pair
production (including triplet) Kj.^/p . The total attenuation
coefficient p/p appears in column 10 (the sum of columns 2

through 6) , and is followed by the total mass energy-transfer
coefficient p^r/P (the sum of coliimns 7 through 9) , and finally,

the mass energy-absorption coefficient p^^j/p . At characteristic
energies, both upper and lower edges are tabulated. We suggest
that in interpolating between photon energies a log-log quadratic
approach be used.

In Table 2, for hydrogen, aluminum, copper, tin, tungsten,
lead and uranium we have separated the radiative loss components
into , the energy that is converted into bremsstrahlung by
Compton recoil electrons, ’, that corresponding to pair and
triplet processes (including kinetic energy transferred to
photons by in-flight positron annihilation) , and (1-G) is the
total mean fraction of secondary charged particle kinetic energy
that is imparted to matter in collision interactions, thus
depositing absorbed dose.

Table 3 provides a comparison of some of the low and high
energy differences in this versus previous compilations . For
specific elements (Z= 1,6,20,50 and 92) we observe up to 4%
differences in mass energy-absorption coefficients when compared
against 1982 NIST data® and -1.5 to +10% differences in
comparison with other data.^^ Above 10 MeV, as in-flight positron
annihilation becomes significant, we find increasing differences
between this and the previous compilations^ of the order of -1 to
6%. These differences are due, presumably, to the method whereby
in-flight positron annihilation is included and by basic
differences in the current NIST radiation yield probabilities.

Conclusions

We have generated tables of cross sections and dosimetric-
ally related coefficients for a variety of elements and com-
pounds. The methodology utilizes Berger's approach^^ toward
accommodating kinetic energy lost by electron-positron pairs
through bremsstrahlung production and by positron annihilation
in-flight. Cross sections for various interactive processes have
been extensively reviewed and published by the NIST and exhibit
basic differences in the photoelectric region over the full range
of Z-values, and for high energies and high Z values compared
with the most recently published data.®'“
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Table 1

Cross sections^ mass energy transfer and mass energy

absorption coefficients for the energy range 0.001 to 100 MeV.

All units are in cm^ /

g

. To obtain units in mVkg, divide by

10 .
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Table 2

Radiative loss factors for electrons generated in Compton

interactions (G^) , for electrons and positrons produced in pair

or triplet production processes (G^) and the weighted, summed

correction factors (1-G) that may be applied to determine the

total fraction of energy absorbed in energy transfer processes.
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Z=1 HYDROGEN

E (MeV ) G. G . ( 1 -G )

0.0150 0.0000 0.0000 1.0000
0.0200 0.0000 0.0000 1.0000
0.0300 0.0000 0.0000 1.0000
0.0400 0.0000 0.0000 1.0000
0.0500 0.0000 0.0000 1.0000
0.0600 0.0000 0.0000 1.0000
0.0800 0.0000 0.0000 1.0000

0.1000 0.0000 0.0000 1.0000
0.1500 0.0000 0.0000 1.0000
0.2000 0.0000 0.0000 1.0000
0.3000 0.0000 0.0000 1,0000
0.4000 0.0000 0.0000 1.0000
0.5000 0.0000 0.0000 1.0000
0.6000 0.0000 0.0000 1.0000
0.8000 0.0000 0.0000 1.0000

1.0000 0.0004 0.0000 1.0000
1.2500 0.0005 0.0010 0.9996
1.5000 0.0006 0.0025 0.9994
2.0000 0.0009 0.0053 0.9989
3.0000 0.0016 0.0097 0.9982
4.0000 0.0023 0.0131 0.9975
5.0000 0.0030 0.0158 0.9965
6.0000 0.0038 0,0179 0.9955
8.0000 0.0055 0.0218 0.9937

10.0000 0.0073 0.0251 0.9912
15.0000 0.0120 0.0319 0.9850
20.0000 0.0168 0.0378 0.9787
30,0000 0.0268 0.0481 0.9671
40.0000 0.0368 0.0573 0,9562
50.0000 0.0468 0,0660 0.9445
60.0000 0.0567 0.0743 0.9346
80.0000 0.0761 0.0899 0.9155

100.0000 0.0951 0.1045 0.8986
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Z=13 ALUMINUM

E (MeV ) G, G . ( 1
-G )

0.0100 0.0000 0.0000 1.0000
0.0150 0.0000 0.0000 1.0000
0.0200 0.0000 0.0000 1.0000
0.0300 0.0000 0.0000 1.0000
0.0400 0.0000 0.0000 1.0000
0.0500 0.0000 0.0000 1.0000
0.0600 0.0000 0.0000 1.0000
0.0800 0.0003 0.0000 1.0000

0.1000 0.0004 0.0000 1.0000
0.1500 0.0006 0.0000 1.0000
0.2000 0.0009 0.0000 0.9993
0.3000 0.0015 0.0000 0.9986
0.4000 0.0020 0.0000 0.9983
0.5000 0.0025 0.0000 0.9976
0.6000 0.0029 0.0000 0.9972
0.8000 0.0039 0.0000 0.9964

1.0000 0.0049 0.0000 0.9952
1.2500 0.0061 0.0026 0.9938
1.5000 0.0074 0.0055 0.9923
2.0000 0.0100 0.0110 0.9899
3.0000 0.0157 0.0203 0.9839
4.0000 0.0218 0.0283 0.9771
5.0000 0.0281 0.0356 0.9707
6.0000 0.0345 0.0423 0.9639
8.0000 0.0476 0.0550 0.9496

10.0000 0.0608 0.0670 0.9364
15.0000 0.0932 0.0948 0.9056
20.0000 0.1241 0.1203 0.8781
30.0000 0.1802 0.1657 0.8310
40.0000 0.2292 0.2050 0.7905
50.0000 0.2719 0.2396 0.7552
60.0000 0.3096 0.2701 0.7247
80.0000 0.3728 0.3219 0.6730

100.0000 0.4239 0.3644 0.6311
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Z=29 COPPER

E (MeV ) G, G. ( 1
"G )

0.0100 0.0000 0.0000 1.0000
0.0150 0.0000 0.0000 1.0000
0.0200 0.0000 0.0000 1.0000
0.0300 0.0000 0.0000 1.0000
0.0400 0.0000 0.0000 1.0000
0.0500 0.0000 0.0000 1.0000
0.0600 0.0000 0.0000 1.0000
0.0800 0.0006 0.0000 1.0000

0.1000 0.0009 0.0000 1.0000
0,1500 0.0016 0.0000 0,9994
0.2000 0.0024 0.0000 0.9991
0.3000 0.0038 0.0000 0.9973
0.4000 0.0052 0.0000 0.9956
0.5000 0.0065 0.0000 0.9943
0.6000 0.0078 0.0000 0.9923
0.8000 0.0103 0,0000 0.9901

1.0000 0.0127 0.0000 0.9877
1.2500 0.0157 0.0045 0.9846
1.5000 0.0187 0.0092 0.9817
2.0000 0.0249 0.0178 0.9756
3.0000 0.0377 0.0327 0.9628
4.0000 0.0509 0.0462 0.9502
5.0000 0.0641 0.0587 0.9376
6.0000 0.0772 0.0704 0.9256
8.0000 0.1028 0.0928 0.9027

10.0000 0.1273 0.1137 0.8810
15.0000 0.1831 0.1604 0.8339
20.0000 0.2320 0.2011 0.7927
30.0000 0.3120 0.2682 0.7260
40.0000 0.3752 0.3217 0,6729
50.0000 0.4263 0.3655 0.6294
60.0000 0.4685 0.4022 0.5933
80.0000 0.5346 0.4602 0.5362

100.0000 0.5843 0.5043 0.4926

62



Z=50 TIN

E (MeV ) G, G. ( 1
-G )

0.0100 0.0000 0.0000 1.0000
0.0150 0.0000 0.0000 1.0000
0.0200 0.0000 0.0000 1.0000
0.0290 0.0000 0.0000 1.0000
0.0300 0.0000 0.0000 1.0000
0.0400 0.0000 0.0000 1.0000
0.0500 0.0000 0.0000 1,0000
0.0600 0.0000 0.0000 1.0000
0.0800 0.0010 0.0000 1.0000

0.1000 0.0015 0.0000 1.0000
0.1500 0.0028 0.0000 1.0000
0.2000 0.0042 0.0000 0.9995
0.3000 0.0072 0.0000 0.9980
0.4000 0.0100 0,0000 0.9952
0.5000 0.0127 0.0000 0.9921
0.6000 0.0152 0.0000 0.9891
0.8000 0.0199 0.0000 0.9837

1.0000 0.0245 0.0000 0.9787
1.2500 0.0299 0.0070 0.9727
1.5000 0.0353 0.0140 0.9671
2.0000 0.0459 0.0263 0.9572
3.0000 0.0667 0.0476 0.9388
4.0000 0.0869 0.0665 0.9219
5.0000 0.1065 0.0841 0.9052
6.0000 0.1253 0.1005 0.8891
8.0000 0.1607 0.1310 0.8592

10.0000 0.1931 0.1588 0.8325
15.0000 0.2631 0.2184 0.7742
20.0000 0.3207 0.2677 0.7258
30.0000 0.4094 0.3449 0.6498
40.0000 0.4753 0.4031 0.5925
50.0000 0.5263 0.4488 0.5474
60.0000 0.5671 0.4858 0.5109
80.0000 0.6286 0.5420 0.4553

100.0000 0.6733 0.5829 0.4149
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Z=82 LEAD

E (MeV ) G, G . ( 1 -G )

0.0100 0.0000 0.0000 1.0000
0.0130 0.0000 0.0000 1.0000
0.0150 0.0000 0.0000 1.0000
0.0160 0.0000 0.0000 1.0000
0.0200 0.0000 0.0000 1.0000
0.0300 0.0000 0.0000 1.0000
0.0400 0.0000 0.0000 1.0000
0.0500 0.0000 0.0000 1.0000
0.0600 0.0000 0.0000 1.0000
0.0800 0.0015 0.0000 1.0000
0.0880 0.0018 0.0000 1.0000

0.1000 0.0023 0.0000 1.0000
0.1500 0.0047 0.0000 1.0000
0.2000 0,0073 0.0000 1.0000
0.3000 0.0128 0.0000 0.9988
0.4000 0.0183 0.0000 0,9972
0.5000 0.0236 0.0000 0.9943
0.6000 0.0286 0.0000 0.9908
0.8000 0.0379 0.0000 0.9827

1,0000 0.0464 0.0000 0.9740
1.2500 0.0563 0,0111 0.9632
1.5000 0.0656 0.0222 0.9536
2.0000 0.0830 0.0409 0.9370
3.0000 0.1144 0.0714 0,9101
4.0000 0.1430 0.0972 0.8865
5.0000 0.1694 0.1204 0.8652
6.0000 0.1938 0.1416 0.8453
8.0000 0.2378 0.1801 0.8089

10.0000 0.2765 0.2141 0.7765
15.0000 0.3555 0.2843 0.7087
20.0000 0.4168 0.3396 0.6549
30.0000 0.5062 0.4216 0.5745
40.0000 0.5692 0.4802 0.5166
50.0000 0.6163 0,5246 0.4728
60.0000 0.6530 0.5594 0.4383
80.0000 0.7068 0.6104 0.3878

100.0000 0.7449 0.6462 0.3523
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URANIUMZ=92

E (MeV ) G, G. ( 1 “G )

0.0100 0.0000 0.0000 1.0000
0.0150 0.0000 0.0000 1.0000
0.0170 0.0000 0.0000 1.0000
0.0200 0.0000 0.0000 1.0000
0.0210 0.0000 0.0000 1.0000
0.0220 0.0000 0.0000 1.0000
0.0300 0.0000 0.0000 1.0000
0.0400 0.0000 0.0000 1.0000
0.0500 0.0006 0.0000 1.0000
0.0600 0.0007 0.0000 1.0000
0.0800 0.0017 0.0000 1.0000

0.1000 0.0026 0.0000 1.0000
0.1160 0.0033 0.0000 1.0000
0.1500 0.0052 0.0000 1.0000
0.2000 0.0081 0.0000 1.0000
0.3000 0.0145 0.0000 1.0000
0.4000 0.0209 0.0000 0.9978
0.5000 0.0270 0.0000 0.9951
0.6000 0.0329 0.0000 0.9918
0.8000 0.0438 0.0000 0.9840

1.0000 0.0537 0.0000 0.9749
1.2500 0.0652 0.0123 0.9639
1.5000 0.0758 0.0247 0.9533
2.0000 0.0953 0.0456 0.9345
3.0000 0.1298 0.0790 0.9042
4.0000 0.1604 0.1068 0.8783
5.0000 0.1882 0.1314 0.8553
6.0000 0.2137 0.1536 0.8343
8.0000 0.2591 0.1936 0.7962

10.0000 0.2988 0.2287 0.7625
15.0000 0.3788 0.3006 0.6932
20.0000 0.4403 0.3567 0.6383
30.0000 0.5288 0.4392 0.5573
40.0000 0.5907 0.4976 0.4997
50.0000 0.6365 0.5415 0.4563
60.0000 0.6721 0.5756 0.4225
80.0000 0.7240 0.6252 0.3734

100.0000 0.7604 0.6597 0.3390
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TABLE 3
PERCENT DIFFERENCES IN MASS ENERGY-ABSORPTION COEFFICIENTS

COMPARED WITH PREVIOUS TABULATIONS
Z

E (MeV) i 1 20

.01 a) +3.6 +1.1 +2.8 -

b) - + 9.0 -0.2 -1.5 -1.0

.10 a) - +0.5 +0.8 +0.7 -3.2

b) - +0.9 -1.5 +1.2 + 9.6

1.0 a) - - “ - -

b) - -0.4 - - +4 .

0

10.0 a) - +1.0 +2.2 +4.3

o o

b) +3,7

100. 0 b) -1.0 -1.0 +2.2 +5.9

a) : Comparison with Hubbell®

b) : Comparison with Johns and Cunningham^

Dashes indicate less than 0.1% difference.
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